This study aimed to identify the potential key long non-coding RNAs (lncRNAs) and target genes associated with pneumonia using lncRNA sequencing (lncRNA-seq).
Background
Pneumonia is defined as inflammation and consolidation of lung tissue due to an infectious agent [1] . It is the leading global cause of death, especially in children and elderly people [2, 3] . The typical symptoms of pneumonia are fever, chills, pleuritic chest pain, and cough productive of purulent sputum [4] . A common type of pneumonia, community-acquired pneumonia (CAP), is responsible for high rates of morbidity and mortality worldwide, with an annual incidence of 1.5 to 1.7 per 1000 individuals among adults in Europe [5] . Severe pneumonia is defined as admission to the intensive care unit (ICU), and it results in an extremely high rate of mortality [6] . Therefore, it is very urgent to find more biomarkers associated with pneumonia, thus contributing to the clinical therapy of this disease.
Currently, several molecular mechanisms underlying pneumonia have been found. For instance, the genotype -174 GG of interleukin-6 (IL-6) is associated with lower severity and mortality in patients with pneumococcal CAP [7] . Four risk single-nucleotide polymorphisms (SNPs) located in chromosomes 1 and 17 have been found to be significantly correlated with the susceptibility to development of severe pneumonia in A/H1N1 infection [8] . Previous reports have indicated that severe pneumonia is associated with methicillin-resistant Staphylococcus aureus carrying Panton-Valentine leukocidin genes and the staphylococcal cassette chromosome mec (SCCmec) type IV [9, 10] . The activity of metalloproteinase-9 (MMP-9) in peripheral blood circulation in patients with CAP caused by Mycoplasma pneumoniae is increased in the acute phase of illness compared to the control group [11] . Furthermore, a recent study has reported that high expression of IL-10 and interferon-induced protein (IP)-10 in human immunodeficiency virus (HIV)-infected infants is associated with more severe hypoxic pneumonia [12] . However, currently, no study has reported the association of long non-coding RNAs (lncRNAs) with pneumonia.
LncRNAs have been previously found to be widely transcribed in the genome. Multiple evidence links dysregulations and mutations of lncRNAs to diverse human diseases [13] , such as lung diseases (e.g., lung cancer [14, 15] and pulmonary fibrosis [16] ). Therefore, we suggest a hypothesis that lncRNAs are also correlated with the progression of pneumonia. Thus, in this study, we used a new sequencing technique, lncRNA sequencing (lncRNA-seq), to analyze the lncRNA expression profiling in peripheral blood from patients with mild and severe pneumonia and to identify the potential critical lncRNAs that are associated with the progression of pneumonia. These findings may provide some new information for understanding the molecular functions of lncRNAs in pneumonia and extend the knowledge of the molecular mechanisms underlying pneumonia.
Material and Methods

Clinical samples
This study was approved by the Medical Ethics Committee of the Chinese People's Liberation Army General Hospital, Beijing, China. A total of 18 patients with pneumonia who received therapy in our hospital from June 2013 to December 2013 were included in this study, including 9 patients with mild pneumonia (MP group) and 9 patients with severe pneumonia (SP group). Another 9 volunteers without pneumonia were enrolled as normal controls (C group) in this study. Here, patients with severe pneumonia must meet at least one of the following criteria: (1) altered mental status; (2) respiratory rate ³30/min; (3) diastolic blood pressure <60 mm Hg, PaO 2 /FiO 2 <300, and mechanical ventilation; (4) systolic blood pressure £90 mm Hg; (5) septic shock; (6) bilateral or multilobar pneumonia by chest radiograph, or lesion enlargement within 48 h after admission ³50%; (7) oliguria: urine volume <20 mL/h or <80 mL/4 h, or acute renal failure requiring dialysis treatment [17] .
Peripheral blood was sampled from each patient and volunteer. Informed consent was signed before sampling.
RNA extraction
First, plasma was separated from each of the 9 sequencing samples. Total RNA was extracted and purified from the plasma samples using miRNeasy Serum/Plasma Kit (Qiagen, Germany). Subsequently, ribosome RNA (rRNA) was removed from the total RNA using Epicentre Ribo-Zero™ rRNA Removal Kit (Epicentre, Madison, Wisconsin, USA), and the remaining RNA was collected and purified. To obtain sufficient quantities of high-quality RNA for sequencing, three RNA samples of equal quantity were randomly pooled into one sample for sequencing. Thus, three samples were generated for each group: WLL1-3 for the SP group, WLL4-6 for the MP group, and WLL7-9 for the C group. The 9 RNA samples were interrupted into short fragments by fragmentation buffer (Agilent Technologies, California, USA). Afterwards, the RNA fragments were reverse transcribed into cDNAs. The concentration of cDNAs in the library was quantified into 1 ng/µL with a Qubit 2.0 fluorometer, and then cDNAs were detected using the Agilent Bioanalyzer 2100 (Agilent Technologies, California, USA). According to the data size and effective cDNA concentration, libraries were pooled. Clusters of the cDNA libraries were generated on an Illumina cBot. Finally, the cDNA libraries were sequenced on an Illumina HiSeq™ 4000 with the model of 2×150 bp. The raw sequencing data have been uploaded to the public database NCBI (the National Center for Biotechnology Information) under the BioProject Accession PRJNA324335. 
Data filtering
Raw reads were cleaned by removing the empty reads, adapter sequences, reads with Q-value <10 in the both terminals, reads containing fewer than 80% of bases with Q-value >20, reads with length <50 nt, and reads with unknown sequences 'N'. In addition, the reads of rRNA were removed. The above quality control was conducted using FASTX-Toolkit (available at http://hannonlab.cshl.edu/fastx_toolkit/).
Statistics and alignment of reads
Both Q20 and length of raw and clean reads were summarized to ensure the validity and reliability of the sequencing data. Furthermore, clean reads were aligned to the human genome (hg19) using TopHat 2. 
Results
Data summary of quality control and sequence alignment
In total, 346 G of raw data were generated from the 9 samples. Q20 of reads in both terminals of all samples was at least 99.97% and 96.38%, respectively. The clean rate (clean reads/raw reads) of the both terminals was more than 95% and 75% ( Table 1) . The results indicated a high quality of the sequencing data.
Furthermore, map rate of reads in most samples was about 70%; read coverage in most samples was more than 80%; and depth of sequencing was more than 3.4, 4-5.5 for most samples ( Table 2) .
Identification of DE-lncRNAs
Among the 9 samples, there were 34,764 mRNAs and 5496 lncRNAs with FPKM >0 in at least one sample. Based on the criteria of differential expression analysis, 99 DE-lncRNAs (14 upregulated and 85 downregulated ones) were identified in the MP group and 85 (72 upregulated and 13 downregulated ones) in the SP group, compared with the C group. Nine lncRNAs were upregulated in both the MP and SP groups, compared with the C group. Furthermore, there were 159 upregulated and 8 downregulated lncRNAs in the SP group, compared with the MP group. These DE-lncRNAs were able to distinguish the two group samples ( Figure 1A-1C ).
Target genes of the DE-lncRNAs
To further reveal the potential regulatory relationships between DE-lncRNAs and downstream genes, target genes of the 175 DE-lncRNAs in the MP and SP groups were predicted with the PCC method. In total, 4908 genes were targeted by those DE-lncRNAs. The regulatory network consisted of 175 DE-lncRNAs, 4908 genes, and 17,385 regulatory relationships (Supplementary Figure 1) .
Enrichment analyses of the target genes
To further investigate the potential biological functions of the identified DE-lncRNAs, GO and KEGG pathway enrichment analyses were carried out for the targets of these DE-lncRNAs. For the target genes of DE-lncRNAs in the MP group, the targets of the upregulated lncRNAs were mainly associated with GO functions, such as response to stimulus and regulation of cellular process; meanwhile, the targets of the downregulated lncRNAs 3396 Table 2 . Data summary of the sequence alignment.
WLL1-3 represent the samples in the severe pneumonia; WLL4-6 represent the samples in the mild pneumonia; WLL7-9 represent the control samples.
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were significantly correlated with multiple biological functions, such as protein binding and catalytic activity (Table 3) .
Additionally, the target genes of both upregulated and downregulated lncRNAs in the SP group were significantly related to GO functions, such as protein binding and catalytic activity. The targets of the downregulated lncRNAs were also implicated in the pathways of ribosome and apoptosis (Table 4) .
Analysis of the common 9 upregulated lncRNAs in the mild and severe pneumonia groups
The 9 lncRNAs that were upregulated in both the MP and SP groups were analyzed in detail. A total of 868 genes were predicted to be targeted by these 9 DE-lncRNAs ( Figure 2 ). Among them, RP11-248E9.5 targeted the most genes, such as QRFP and EPS8; these two genes were also targeted by CTD-2300H10.2. RP11-248E9.5 also targeted a set of genes encoding zinc finger proteins (ZFPs), such as ZNF717, ZNF460, ZNF687, and ZNF37CP. Furthermore, RP11-456D7.1 regulated a series of genes, such PDK2, which were also targeted by RP11-96C23.9. RP11-456D7.1 also regulated genes like CCL21.
In addition, according to the GO and pathway enrichment analyses, the target genes of RP11-248E9.5 (e.g., GPR75 and QRFP) were significantly enriched in the GO functions like G-protein coupled receptor signaling pathway; the target genes of RP11-456D7.1 were mainly enriched in the molecular function. Furthermore, the target genes of CTD-2300H10.2 (e.g., RC3H1, IHH, and IL4) were significantly enriched in the GO functions like negative regulation of alpha-beta T cell differentiation (Table 5) .
Discussion
In the present study, 99 DE-lncRNAs (14 upregulated and 85 downregulated ones) were identified in the MP group and 85 (72 upregulated and 13 downregulated ones) in the SP group, 
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compared with the C group. Among these DE-lncRNAs, 9 lncRNAs were upregulated in the both the MP and SP groups, compared with the C group. According to the coexpression analysis between DE-lncRNAs and mRNAs, 868 genes were predicted to be targeted by the 9 lncRNAs. RP11-248E9.5 and RP11-456D7.1 targeted the majority of genes.
In the regulatory network, RP11-248E9.5 regulated several genes together with CTD-2300H10.2, such as QRFP and EPS8. QRFP encodes pyroglutamylated RFamide peptide, which is proteolytically processed to generate multiple protein products [18] . In this study, QRFP was predicted to be relevant to the G-protein coupled receptor signaling pathway. A previous study has found that G-protein coupled receptor kinase-5 (GRK5) deficiency improves pulmonary infection and inflammation in Escherichia coli-induced pneumonia [19] . Furthermore, G-protein coupled receptors have been suggested to be associated with inflammation [20] [21] [22] . Although there is no evidence to show the role of QRFP in pneumonia, we speculate that QRFP may participate in the progression of pneumonia via the G-protein coupled receptor signaling pathway. EPS8 encodes epidermal growth factor receptor (EGFR) pathway substrate 8 and functions as part of the EGFR pathway [23] . In mycoplasmal pneumonia, the EFGR pathway takes part in the IL-8 production by bronchial epithelial cells stimulated with Mp-Ag [24] . Therefore, EPS8 may be involved in the progression of pneumonia via the EFGR pathway. In addition to QRFP and EPS8, RP11-248E9.5 also targeted a series of ZFP coding genes, such as ZNF717, ZNF460, ZNF687, and ZNF37CP. ZNF37CP was also targeted by CTD-2300H10.2. Multiple studies have reported the associations of ZFPs with immunity [25] [26] [27] , which is involved in pneumonia. In addition, in the network, CTD-2300H10.2 also targeted IL4, which is highly expressed in idiopathic interstitial pneumonias [28] . Currently, the associations of RP11-248E9.5 and CTD-2300H10.2 with pneumonia have not been previously reported, indicating they may be new potential molecules in pneumonia.
Furthermore, in the regulatory network, both upregulated RP11-456D7.1 and RP11-96C23.9 regulated several genes, such as PDK2, which encodes a member of the pyruvate dehydrogenase kinase family and is able to downregulate the activity of the mitochondrial pyruvate dehydrogenase complex. Inhibition of a homologue of PDK2, PDK4, can prevent multiorgan failure in severe influenza accompanied with pneumonia [29] . Moreover, pyruvate dehydrogenase E1 b subunit can act as fibronectin-binding protein in Mycoplasma pneumoniae, helping M. pneumoniae to locate in the host cells [30] . These evidences indicate that PDK2 may be related to the occurrence and development of pneumonia. In this study, RP11-456D7.1 also positively regulated CCL21, a high-affinity functional ligand for chemokine receptor 7 (CCR7) that is expressed on T and B lymphocytes and plays a key role in the inflammatory response [31, 32] . CCL21 was detected at a significantly higher concentration in the bronchoalveolar lavage fluid of patients with eosinophilic pneumonia than in that of controls [33, 34] , which is similar to the results of this study. Taken together, although the roles of RP11-456D7.1 and RP11-96C23.9 have not been previously proved in pneumonia, we speculate that they may participate in the progression of pneumonia, likely via regulating their downstream genes PDK2 or CCL21.
In addition, according to the results of the enrichment analysis, functions of DE-lncRNAs in the SP group were similar to those in the MP group. However, 167 lncRNAs were identified to be differentially expressed between the SP and MP groups, indicating that lncRNA expression profiling between mild and severe pneumonia is different. In our future study, we will continue to focus on these DE-lncRNAs.
Despite the aforementioned results, this study has several limitations. In this study, the number of samples analyzed was small. Furthermore, the predicted results need to be validated by experimental data.
Conclusions
Based on the lncRNA-seq and bioinformatics analysis method, compared with the control, a set of DE-lncRNAs in patients with mild and severe pneumonia was identified. Nine lncRNAs were differentially expressed in both mild and severe pneumonia, such as RP11-248E9.5, CTD-2300H10.2, RP11-456D7.1, and RP11-96C23.9. All of them were predicted to target a set of downstream genes. At present, these lncRNAs have not been demonstrated to be associated with pneumonia by other studies; thus, they are novel lncRNAs that might be related to pneumonia. These results provided new information for further experimental studies.
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